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METHOD FOR OPERATING AN INTEGRATED MEMORY UNIT 


Background of the Invention : 
Field of the Invention : 
The invention lies in the field of integrated circuits. The 
invention relates to a method for operating an integrated 
memory unit . 


For the operation of an integrated memory unit, for example, a 
DRAM memory unit, in general, an instruction set and an 
addressing are required; in processing, in connection with one 
another, these are often referred to as a protocol. The 
instruction set and the addressing of particular memory 
subareas that are to be written or to be read, for example, of 
a dynamic memory unit, are today generally possible with great 
flexibility; cf . what is referred to as the SDRAM protocol or 
the RAMBUS protocol. The high degree of flexibility and the 
ability to address individual memory cells, or a small group 
of memory cells, from a large collection of memory cells, 
alone and under varying conditions, is, in general, 
accompanied by a correspondingly high degree of complexity. 


Thus, for example, for a 64 MB chip, besides the signal pins 
for the actual data transmission, for example, approximately 5 
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to 10 additional pins are required for commands and reference 
voltages, as well as 10 to 15 additional pins for the 
addressing, and one to four pins for timing signals, commonly 
referred to as clocks. The number of terminal connections is, 
therefore, comparatively large, which, in general, also 
increases the manufacturing costs of the packaging. Moreover, 
it is necessary to test a very large number of functions and 
combinations of functions of the memory chip for correct 
functioning before delivery in order to supply the customer 
with a product that functions under all conceivable conditions 
of use. 

Summary of the Invention : 

It is accordingly an object of the invention to provide a 
method for operating an integrated memory unit that overcomes 
the hereinaf ore -mentioned disadvantages of the heretofore- 
known devices and methods of this general type and that 
enables a comparatively low number of terminal pins. 

With the foregoing and other objects in view, there is 
provided, in accordance with the invention, a method for 
operating an integrated memory unit having a memory cell 
field, including the steps of, before a memory access, 
partitioning the memory cell field into a plurality of memory 
areas, for a memory access, selecting one of the memory areas 
by applying a memory area address, during the memory access, 
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internally generating addresses with the memory unit for the 
access to memory cells of one of the memory areas, and 
transmitting the memory area address, and, subsequently and 
successively, transmitting access data of the one of the 
memory areas through a common external terminal connection of 
the memory unit. 

The method for operating an integrated memory unit has a 
memory cell field in which the memory area address, and 
subsequently, one after the other, access data of the one of 
the memory areas, are transmitted through a common external 
terminal connection of the memory unit. 

The invention makes it possible to reduce a high number of 
required external terminal connections, or pins, in that, a 
memory area address for a memory access, and subsequently, one 
after the other, access data of the relevant memory areas, are 
transmitted through at least one common external terminal 
connection of the memory unit (referred to as multiplexing of 
an address, with a very large number of subsequent access data 
at one pin) . The addresses for the access to memory cells of 
the relevant memory area are generated during the memory 
access, for example, by an internal counter inside the memory 
unit. Such a process makes it possible to provide an 
interruption-free stream of access data at the data pins. 
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In accordance with another mode of the invention, a number to 
be determined of the memory areas, or, alternatively, a size 
of the respective memory areas, is transmitted with an 
initialization command. For example, the memory cell field is 
subdivided into memory areas of uniform size. It is thereby 
advantageous if the size of the area can be varied with the 
initialization. 

In accordance with an added mode of the invention, an 
interrupt command for one of an interruption and a termination 
of the memory access is transmitted at a time defined by the 
interrupt command. 

In accordance with an additional mode of the invention, a 
selection signal is applied to the memory unit, by which at 
least two commands for the memory access are transmitted. As 
such, the number of command pins can be reduced, which reduces 
the overall number of pins required for data and commands. 
Such a selection signal is, for example, suitable for 
distinguishing between reading and writing of access data. A 
read command and a write command can, thus, alternatively be 
transmitted with the same selection signal. Preferably, the 
initialization command is additionally transmitted by the 
selection signal. 
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With the inventive method, the flexibility of a memory access 
is limited to a certain extent, which should be weighed 
against the fact that the inventive operating method enables a 
reduced power consumption, lowers demand on the testing of the 
memory chip, and allows a normally preferred transfer of large 
quantities of data successively, without constant jumping of 
the addresses or frequent changeovers between reading and 
writing. 

In addition, with the invention it is possible to carry out a 
masking of data, as in conventional memory units. It is 
likewise possible to introduce a termination of a read or 
write cycle. For these purposes, an interrupt command is 
advantageously transmitted for the interruption or termination 
of the memory access at a time defined by the interrupt 
command. The interrupt command can advantageously be 
transmitted with the above -described selection signal. As 
such, no additional pin is necessary for the interrupt 
command. With the interrupt command, it is possible to 
terminate the writing, or reading, at an arbitrary point. 
Through the activation in the meantime of a masking signal, it 
would also be possible to mask individual data; i.e., not to 
transmit into or out of the memory the corresponding access 
data, adjacent to the data pins, for the access cycle. The 
masking signal can also advantageously be transmitted with the 
above -described selection signal. 
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In accordance with yet another mode of the invention, a 
readout command and a write command are transmitted through 
the selection signal. 

In accordance with yet a further mode of the invention, an 
initialization command, an interrupt command, and/or a masking 
signal is transmitted through the selection signal. 

In accordance with yet an added mode of the invention, an 
activation signal is applied to each of the memory units for 
an activation of the respective memory unit given an operation 
of a plurality of memory units at a common data bus. 

In accordance with yet an additional mode of the invention, 
the activation signal is additionally or simultaneously used 
as a timing signal for operation of the respective memory 
unit . 

In accordance with again another mode of the invention, the 
memory units are operated at a common data bus and an 
activation signal is applied to each of the memory units for 
an activation of the respective one of the memory units. 

Advantageously, to be able to execute a start of a read or 
write operation at an arbitrary address of the memory unit, in 
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accordance with a further mode of the invention, a start 
address is transmitted for the memory access, and, beginning 
with the address, the addresses are generated for the access 
to the memory cells of the relevant memory area. 

In accordance with a concomitant mode of the invention, the 
method is executed only in a test mode of the memory unit for 
testing a functionality of the memory unit. 

The operating mode executed using the inventive method can be 
used both for a memory unit intended separately for such a 
purpose, and also in addition to the already-existing 
operating modes of conventional memory units. In the latter 
case, it would be possible either to specify the operating 
mode to the customer, or to build it in only as a test mode. 
In a test mode, the inventive method would make the testing of 
the memory unit before delivery easier for the manufacturer. 
Fewer pins are required for the test phase, enabling a savings 
of resources at the test apparatus. Moreover, the parallelism 
can be increased during the testing of the functionality of a 
plurality of memory units, which advantageously reduces the 
expense for test operation. 

Other features that are considered as characteristic for the 
invention are set forth in the appended claims. 
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Although the invention is illustrated and described herein as 
embodied in a method for operating an integrated memory unit, 
it is, nevertheless, not intended to be limited to the details 
shown because various modifications and structural changes may 
5 be made therein without departing from the spirit of the 

invention and within the scope and range of equivalents of the 
claims . 
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|| The construction and method of operation of the invention, 
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& however, together with additional objects and advantages 
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U1 thereof, will be best understood from the following 
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*■ description of specific embodiments when read in connection 

jrf with the accompanying drawings. 
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15 Brief Description of the Drawings : 

FIG. 1 is a block circuit diagram of a specific embodiment of 
a memory chip according to the invention; 

FIG. 2 is a schematic and block circuit diagram of a system of 
20 a plurality of memory chips that are connected to a common 
data bus; 

FIG. 3 is a signal flow diagram for an initialization of a 
memory unit according to the invention; and 

25 
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FIG. 4 is a signal flow diagram for a write access to a memory 
unit according to the invention. 

Description of the Preferred Embodiments : 

Referring now to the figures of the drawings in detail and 
first, particularly to FIG. 1 thereof, there is shown a 
specific embodiment of a memory chip CH that has a memory cell 
field A. In the example, memory chip CH is a 64 MB memory 
chip. Memory chip CH has 16 data terminal connections 1/01 to 
1/016. Chip CH thus has 64 x 1024 x 1024 / 16 = 2 26 / 2 4 = 2 22 
= 4 x 1024 x 1024 addresses. 

Memory cell field A has wordlines WL and bitlines BL, at whose 
crossings memory cells MC are situated. By the wordlines WL, 
memory cells MC are respectively selected through a selection 
transistor, and the access data that are to be read out or 
written in are read or written through bitlines BL. For a 
memory access, memory cell field A is partitioned into 512 
memory areas B0 to B511. Each of the 512 memory areas B0 to 
B511 accordingly contains 4 x 1024 x 1024 / 512 = 8192 
addresses . 

In the memory unit CH, only two terminal connections are still 
used for command signals CS and WE. Signal CS corresponds to 
what is called a chip select signal, with which the chip can 
be selected. The activation signal CS is at the same time a 
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timing signal for the operation of memory unit CH. Such a 
clock signal is required for the operation, for example, of an 
SDRAM memory unit. Distinguishing between a read access and a 
write access takes place using selection signal WE. A third 
non-illustrated terminal connection can supply a reference 
level for the incoming data signals, for example, in the form 
of a reference voltage as a boundary between "high" and "low" 
voltage levels on the data lines. The reference level can, 
however, also be produced internally from a supply voltage by 
a voltage divider. The reference voltage has, for example, 
half the magnitude of the supply voltage. 

Before a memory access, an initialization of memory unit CH is 
carried out. In this regard, FIG. 3 shows an exemplary signal 
flow diagram for the initialization of the memory unit. 
Through activation signal CS, which begins to run as a timing 
signal, the chip is selected. The initialization is 
introduced with an initialization command that is transmitted 
by selection signal WE. In a specific embodiment, selection 
signal WE has such a purpose the signal sequence "10101010." 
The signal sequence is interpreted as an initialization 
command with which at the same time memory cell field A is 
partitioned into the 512 memory areas B0 to B511. 

For such a purpose, the logarithm to the base 2 of the number 
of memory areas that are later to be accessed in block-by- 
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block fashion is transmitted through terminal connections 1/01 
to 1/04. In such a case, the logarithm to the base 2 from the 
number 512 is: log2 (512) = 9; i.e., "10.01" in binary 
notation. The binary information is correspondingly 
transmitted to terminal connections 1/04, 3, 2, 1. All 
further l/0s are "0." Accordingly, the number of memory areas 
to be defined is communicated to the memory unit, from which 
there results the size of the individual memory areas, which 
are all of equal size. Alternatively, it would be possible to 
communicate the size of one memory area, from which the number 
of memory areas to be defined would result. 

An exemplary write access to the memory unit from FIG. 1 is 
shown based upon the signal flow diagram according to FIG. 4. 
Here, the chip is again selected through activation signal CS, 
which begins to run as a timing signal. Selection signal WE 
goes from the high- impedance state ("high-Z") to the state "1" 
("high"). Accordingly, the write mode is selected. For the 
memory access, memory area addresses BADR are applied to I/Os 
1 to 9 for the selection of memory area B9. Subsequently, 
data signals are to be written to the area B9 . For the 
selection of area B9, "1001" (binary representation of 9) is 
applied to I/Os 4 to 1 . The remaining I/Os are set to "0." 

Subsequently, in the specific embodiment, a start address 
inside area B9 is selected a defined number of clock cycles 
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later. The writing inside the area is to begin at such a 
start address. The 8192 addresses inside a respective area 
are addressed as start addresses through terminal connections 
1/01 to 14. In the example, "10110" (binary representation of 
22) is applied to terminal connections 1/05 to 1/01, The 
remaining I/Os are at "0." Starting from such a start address 
SADR, addresses ADR are generated by a counter Z for the 
access to memory cells MC of memory area B9. 

A defined number of CS cycles later, the write data are 
provided at the I/Os and are taken over by chip CH. Write 
data DA are thereby transmitted successively in a rapid 
sequence. These data are then stored in memory unit CH. 

If the internal address counter has reached the end of memory 
area B9, selection signal WE again goes to "high-Z," which 
terminates the write cycle. For the case in which selection 
signal WE remains in the state "high, " the next memory area 
address BADR is applied. 

If it is not desired to run through all addresses up to the 
end of memory area B9, an interrupt command is transmitted for 
the interruption or termination of the memory access at a time 
defined by the interrupt command. The interrupt command is 
advantageously likewise transmitted by selection signal WE, 
which for such a purpose runs through, for example, the signal 
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sequence " 010-high-Z . 11 For the interruption, or masking, of 
particular data, it would be possible to mask individual data 
in a targeted manner by, in the meantime, switching WE to 
"high-Z", i.e., not incorporating into the chip the 
corresponding data adjacent to the I/Os for such an access 
cycle . 

For a read access, the sequence is similar to the sequence 
described above for a write cycle. In the read access, 
selection signal WE does not go to "1," but rather to "0." 
The state, thus, represents a corresponding read command. For 
termination, selection signal WE correspondingly runs through 
the signal sequence " 101-high-Z" or the like. 

The inventive operating method functions both for simple data 
rates and for doubled data rates, in which one datum is 
transmitted per clock pulse edge of signal CS, as shown in 
FIG. 4. For the chip manufacturer, it is advantageous that it 
is left to the individual chip construction to determine how 
the data that are to be read or written are distributed in the 
chip. This enables, in particular, the selection of an 
operating mode having a low power consumption (e.g., what is 
referred to as "fast page mode" in dynamic memory units) , and 
the avoidance to the greatest possible extent of critical 
internal timings. Accordingly a low probability of failure of 
the memory chip results. 
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FIG. 2 illustrates a system in which a plurality of memory 
chips CHI to CH4 are connected to a common data bus DB. 
Memory chips CHI and CH2 form what is referred to as a memory 
bank BK1 . Memory chips CH3 and CH4 form a memory bank BK2 . 
Activation signals CS1 and CS2 are connected to memory units 
CHI, CH2 , or CH3 , CH4 . Memory units CHI to CH4 are operated 
in parallel at data bus DB, whereby, for example, chips CHI, 
CH3 supply the high-order bits and chips CH2, CH4 supply the 
low-order bits of data bus DB. 

In the variant according to FIG. 2, signals CS1 and CS2 take 
over only the function of an activation signal. The memory 
chips each have an additional pin for a timing signal CK that 
takes over the function of a clock. Such a configuration is 
advantageous for the case in which a coupling or interlinking 
of signal CS with a timing signal is regarded as undesirable 
because a stable clock should, in fact, run continuously for 
reasons of phase stabilization. 

The curves shown in the signal flow diagrams of FIGS. 3 and 4 
are exemplary specific embodiments. In particular, the 
chronological distances between the individual addresses, or 
from the addresses to the access data, are given only as 
examples. These depend, in particular, on the frequencies 
used and. on the respective chip configuration. Moreover, 
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various command sequences by CS and WE are possible for the 
realization of the reduced instruction set. The command 
sequences described based upon the figures are only examples. 
Because only a few different access types are possible, 
advantageously reduced demands result for a test mode of the 
memory unit for testing the functionality of the memory unit. 
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